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CLAIMS 

1. A power saving circuit for use in a dynamic random access memory 
during refresh of the dynamic random access memory ("DRAM* 5 ), the power saving circuit 
comprising: 

a first set of input buffers operable to generate respective internal command 
signals from external command signals applied to the input buffers, the input buffers in the 
first set being disabled by a first refresh signal; 

a bias circuit operable to bias at least one internal command signal responsive 
to a second refresh signal; and 

a refresh decoder operable to decode at least one internal command indicative 
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the 
refresh decoder generating the first and second refresh signals during the refresh of the 
DRAM. 

2. The power saving circuit of claim 1 wherein the first and second 
refresh signals comprise an auto-refresh signal 

3. The power saving circuit of claim 1 wherein the refresh decoder is 
further operable to removing the bias from the command signals and enabling the input 
buffers in the first set at the conclusion of the auto-refresh cycle. 

4. The power saving circuit of claim 1, further comprising a clock input 
buffer through which an external clock signal may be applied to generate an internal clock 
signal, the clock input buffer being disabled by a third refresh signal, and wherein the refresh 
controller is operable to generate the third refresh signal during the refresh of the DRAM. 

5. The power saving circuit of claim 1, further comprising a clock input 
buffer through which an external clock signal may be applied to generate an internal clock 
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signal, and wherein the refresh controller is operable to terminate the first and second refresh 
signals responsive to a predetermined transition of the internal clock signal. 

6. The power saving circuit of claim 5 wherein the refresh controller is 
operable to terminate the first and second refresh signals one-half the period of the clock 
signal after detecting the predetermined transition. 

7. The power saving circuit of claim 5 wherein the refresh controller is 
operable to terminate the first and second refresh signals responsive to detecting a second 
transition of the clock signal having a polarity that is different from the polarity of the 
predetermined transition. 

8. The power saving circuit of claim 1 wherein the bias circuit comprises 
a transistor coupled to an output terminal of an input buffer in the first set through which the 
at least one internal command signal is coupled. 

9. The power saving circuit of claim 1 wherein the bias circuit is operable 
to bias a plurality of internal command signals to respective states that assert a no operation 
memory command. 

10. The power saving circuit of claim 1 wherein the refresh decoder is 
further operable to detect the state of a predetermined command signal, and, in response to 
detecting a first state of the predetermined command signal, to continue biasing the command 
signal and disabling the input buffers in the first set at the conclusion of the auto-refresh 
cycle. 

11. The power saving circuit of claim 10 wherein the refresh decoder is 
further operable to remove the bias from the command signal and enable the input buffers in 
the first set responsive to detecting a transition of the predetermined command signal from 
the first state to a second state. 
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12. The power saving circuit of claim 10 wherein the refresh decoder is 
further operable to disable predetermined components of the dynamic random access memory 
at the conclusion of the auto-refresh cycle responsive to detecting a first state of the 
predetermined command signal. 

13. The power saving circuit of claim 12 wherein the refresh decoder is 
further operable to enable the predetermined components of the dynamic random access 
memory in response to detecting a transition of the predetermined command signal from the 
first state to a second state. 

14. The power saving circuit of claim 1 wherein the refresh decoder 

comprises: 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command and the first and second refresh signals responsive to the 
refresh terminate signal. 

15. The power saving circuit of claim 14 wherein the predetermined 
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto- 
refresh command. 

16. A power saving circuit for use in a dynamic random access memory 
during refresh of the dynamic random access memory ("DRAM"), the power saving circuit 
comprising: 
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a first set of input buffers operable to generate respective internal command 
signals from external command signals applied to the input buffers, die input buffers in the 
first set being disabled by a first refresh signal; 

a clock input buffer through which an external clock signal is coupled to 
generate an internal clock signal; 

a bias circuit operable to bias at least one internal command signal responsive 
to a second refresh signal; and 

a refresh decoder operable to decode at least an auto-refresh command and to 
initiate an auto-refresh cycle responsive thereto, the refresh decoder being further operable to 
detect the respective states of first and second predetermined command signals, the refresh 
decoder being operable to: 

perform a self-refresh of the DRAM in response to decoding an auto- 
refresh command and detecting a first state of the first predetermined command signal 
and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding an auto- 
refresh command and a detecting second state of the first predetermined command 
signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and second 
refresh signals in response to decoding an auto-refresh command and detecting a first 
state of the first predetermined command signal and a second state of the second 
predetermined command signal; and 

perform an auto-refresh of the DRAM, generate the first and second 
refresh signals, and disable components of the DRAM other than the first set of input 
buffers at the conclusion of an auto-refresh cycle in response to decoding an auto- 
refresh command and detecting a -second state of the first predetermined command 
signal and a second state of the second predetermined command signal. 

17. The power saving circuit of claim 16 wherein the clock input buffer is 
disabled by a third refresh signal, and wherein the refresh decoder is further operable to 
generate the third refresh signal along with the first and second refresh signals. 
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18. The power saving circuit of claim 16 wherein the first predetermined 
signal comprises a clock enable signal. 

1 9. The power saving circuit of claim 1 6 wherein the second 
predetermined signal comprises a data mask signal. 

20. The power saving circuit of claim 16 wherein the refresh decoder is 
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh 
if the first state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected, the refresh decoder being farther operable to 
continue generating the first and second refresh signals at the conclusion of the auto-refresh if 
the second state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected. 

21. The power saving circuit of claim 20 wherein the refresh decoder is 
operable to continue generating the first and second refresh signals at the conclusion of the 
auto-refresh as long as the second predetermined command signal is maintained in the second 
state. 

22. The power saving circuit of claim 20 wherein the refresh decoder is 
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh 
by detecting a predetermined transition of the internal clock signal, and to terminate the first 
and second refresh signals responsive to detecting the predetermined transition of the clock 
signal. 

23. The power saving circuit of claim 22 wherein the refresh decoder is 
operable to wait a predetermined duration after detecting the predetermined transition 
terminate the first and second refresh signals before terminating the first and second refresh 
signals. 
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24. The power saving circuit of claim 16 wherein the bias circuit is 
operable to bias a plurality of internal command signals to generate a no operation memory 
command. 

25. The power saving circuit of claim 16 wherein the refresh decoder 

comprises: 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command and the first and second refresh signals responsive to the 
refresh terminate signal. 

26. The power saving circuit of claim 25 wherein the predetermined 
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto- 
refresh command. 

27. The power saving circuit of claim 16 wherein the bias circuit 
comprises a transistor coupled to an output terminal of an input buffer in the first set through 
which the at least one internal command signal is coupled. 

28. A dynamic random access memory ("DRAM'*), comprising: 

a row address circuit operable to receive and decoder row address signals 
applied to an external terminal; 

a column address circuit operable to receive and decoder column address 
signals applied to an external terminal; 
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an array of dynamic random access memory cells operable to store data written 
to or read from the array at a location determined by the decoded row address signals and the 
decoded column address signals; 

a data path circuit operable to couple data signals corresponding to the data 

between the array and an external data terminal; 

a command signal generator operable to generate a sequence of control signals 
corresponding to command signals applied to respective external terminals and coupled 
thorough a first set of input buffers to generate respective internal command signals, the input 
buffers in the first set being disabled by a first refresh signal, the command signal generator 
further including a bias circuit operable to bias at least one internal command signal 
responsive to a second refresh signal; and 

a refresh decoder operable to decode at least one internal command indicative 
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the 
refresh decoder generating the first and second refresh signals during the refresh of the 
DRAM. 

29. The dynamic random access memory of claim 28 wherein the first and 
second refresh signals comprise an auto-refresh signal. 

30. The dynamic random access memory of claim 28 wherein the refresh 
decoder is further operable to removing the bias from the command signals and enabling the 
input buffers in the first set at the conclusion of the auto-refresh cycle. 

3 1 . The dynamic random access memory of claim 28, further comprising a 
clock input buffer through which an external clock signal may be applied to generate an 
internal clock signal, the clock input buffer being disabled by a third refresh signal, and 
wherein the refresh controller is operable to generate the third refresh signal during the 
refresh of the DRAM. 
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32. The dynamic random access memory of claim 28, further comprising a 
clock input buffer through which an external clock signal may be applied to generate an 
internal clock signal, and wherein the refresh controller is operable to terminate the first and 
second refresh signals responsive to a predetermined transition of the internal clock signal. 

33. The dynamic random access memory of claim 32 wherein the refresh 
controller is operable to terminate the first and second refresh signals one-half the period of 
the clock signal after detecting the predetermined transition. 

34. The dynamic random access memory of claim 32 wherein the refresh 
controller is operable to terminate the first and second refresh signals responsive to detecting 
a second transition of the clock signal having a polarity that is different from the polarity of 
the predetermined transition. 

35. The dynamic random access memory of claim 28 wherein the bias 
circuit comprises a transistor coupled to an output terminal of an input buffer in the first set 
through which the at least one internal command signal is coupled. 

36. The dynamic random access memory of claim 28 wherein the bias 
circuit is operable to bias a plurality of internal command signals to respective states that 
assert a no operation memory command. 

37. The dynamic random access memory of claim 28 wherein the refresh 
decoder is further operable to detect the state of a predetermined command signal, and, in 
response to detecting a first state of the predetermined command signal, to continue biasing 
the command signal and disabling the input buffers in the first set at the conclusion of the 
auto-refresh cycle. 

38. The dynamic random access memory of claim 37 wherein the refresh 
decoder is further operable to remove the bias from the command signal and enable the input 
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buffers in the first set responsive to detecting a transition of the predetermined command 
signal from the first state to a second state. 

39. The dynamic random access memory of claim 37 wherein the refresh 
decoder is further operable to disable predetermined components of the dynamic random 
access memory at the conclusion of the auto-refresh cycle responsive to detecting a first state 
of the predetermined command signal. 

40. The dynamic random access memory of claim 39 wherein the refresh 
decoder is further operable to enable the predetermined components of the dynamic random 
access memory in response to detecting a transition of the predetermined command signal 
from the first state to a second state. 

42. The dynamic random access memory of cjgpn 28 wherein the refresh 
decoder comprises: 

a first decoder operable to decode the at leas^Bne internal command indicative 
of a refresh of the DRAM and to generate a predeterminejfrefresh signal responsive thereto; 

a timer coupled to the first decod^ the timer being triggered by the 
predetermined refresh signal and generating a refrg^n terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled tqii&e first decoder and to the timer, the second 
decoder being operable to generate a refreslf x>mmand and the first and second refresh signals 
responsive to the predetermined refreshpignal, the second decoder further being operable to 
terminate the refresh command an^me first and second refresh signals responsive to the 
refresh terminate signal. 

43. The dynamic random access memory of claim 42 wherein the 
predetermined refresh signal comprises an auto-refresh signal and the refresh command 
comprises an auto-refresfr command. 
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44. A dynamic random access memory ("DRAW), comprising: 
a row address circuit operable to receive and decode row address signals 
applied to an external terminal; / 

a column address circuit operable to recehp and decode column address 
signals applied to an external terminal; m 

an array of dynamic random access memow cells operable to store data written 
to or read from the array at a location determined by th/decoded row address signals and the 
decoded column address signals; / 

a data path circuit operable to couplp data signals corresponding to the data 
between the array and an external data terminal; / 

a clock input buffer through wlflch an external clock signal is coupled to 
generate an internal clock signal; / 

a command signal generator ojerable to generate a sequence of control signals 
corresponding ■ to command signals applieS to respective external terminals and coupled 
thorough a first set of input buffers to generate respective internal command signals, the input 
buffers in the first set being disabled bjaa first refresh signal, the command signal generator 
farther including a bias circuit operable to bias at least one internal command signal 
responsive to a second refresh signal m 

a refresh decoder operable to decode at least an auto-refresh command and to 
initiate an auto-refresh cycle responsive thereto, the refresh decoder being further operable to 
detect the respective states of fum and second predetermined command signals, the refresh 
decoder being operable to: M 

perform ^self-refresh of the DRAM in response to decoding an auto- 
refresh command and detecting a first state of the first predetermined command signal 
and a first state of thefecond predetermined command signal; 

perfomi an auto-refresh of the DRAM in response to decoding an auto- 
refresh command and a detecting second state of the first predetermined command 
signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and second 
refresh signals iiwesponse to decoding an auto-refresh command and detecting a first 
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state of the first predetermined command signal and a sjcond state of the second 
predetermined command signal; and 

perform an auto-refresh of the DRAM, Jenerate the first and second 
refresh signals, and disable components of the DRANtf&ther than the first set of input 
buffers at the conclusion of an auto-refresh cycle iw response to decoding an auto- 
refresh command and detecting a second state ofAne first predetermined command 
signal and a second state of the second predetermiired command signal. 

45. The dynamic random access memory of claim 44 wherein the clock 
input buffer is disabled by a third refresh signal, ana wherein the refresh decoder is further 
operable to generate the third refresh signal along v^th the first and second refresh signals. 

46. The dynamic random access memory of claim 44 wherein the first 
predetermined signal comprises a clock enable signal. 

47. The dynamic randomjiccess memory of claim 44 wherein the second 
predetermined signal comprises a data maslfsignal. 

48. The dynamic random access memory of claim 44 wherein the refresh 

decoder is operable to terminate the first and second refresh signals at the conclusion of the 

auto-refresh if the first state of the first predetermined command signal and the second state 

I 

of the second predetermined command signal were detected, the refresh decoder being further 

mr 

operable to continue generating the/first and second refresh signals at the conclusion of the 
auto-refresh if the second state ofifthe first predetermined command signal and the second 
state of the second predetermined command signal were detected. 



49. The dynamic random access memory of claim 48 wherein the refresh 
decoder is operable to continue generating the first and second refresh signals at the 
conclusion of the auto-refresK' as long as the second predetermined command signal is 
maintained in the second state J 
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50. The dynamic random access memory of claim w wherein the refresh 
decoder is operable to terminate the first and second refresh signals £ the conclusion of the 
auto-refresh by detecting a predetermined transition of the mtemal clock signal, and to 
terminate the first and second refresh signals responsive to detecting the predetermined 
transition of the clock signal. 

51. The dynamic random access memo#of claim 44 wherein the bias 
circuit is operable to bias a plurality of internal commandjfsignals to generate a no operation 
memory command. 

52. The dynamic random access n$smory of claim 44 wherein the refresh 
decoder comprises: if 

a first decoder operable to decode tp at least one internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first Jaecoder, the timer being triggered by the 
predetermined refresh signal and generating Refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupledip the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refreshfsignal, the second decoder further being operable to 
terminate the refresh command and Jne first and second refresh signals responsive to the 
refresh terminate signal. 

53. The dynamif random access memory of claim 44 wherein the bias 

AT/ 

circuit comprises a transistor coupled to an output terminal of an input buffer in the first set 
through which the at least one internal command signal is coupled 



54. A compiler system, comprising: 
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an input device coupled to the processor through th^rocessor bus adapted to 
allow data to be entered into the computer system; 

an output device coupled to the processor througljflhe processor bus adapted to 
allow data to be output from the computer system; 

a memory controller generating a row addjpss having a plurality of row 
address bits followed by a column address having a plurality of column address bits, the 
memory controller generating an array select signal prior to generating the plurality of column 
address bits, the array select signal corresponding to a qglumn address bit and having either a 
first state or a second state; and 

a memory device coupled to the memory controller, the memory device 
comprising: / 

a row address circuit operable to receive and decoder row address 
signals applied to an external terminal; 

a column address circffit operable to receive and decoder column 
address signals applied to an extemaljrerminal; 

an array of dynamic random access memory cells operable to store data 
written to or read from the array af a location determined by the decoded row address 
signals and the decoded column address signals; 

a data path circuit operable to couple data signals corresponding to the 
data between the array and an external data terminal; 

a command sighal generator operable to generate a sequence of control 

signals corresponding to corifmand signals applied to respective external terminals and 

J' 

coupled thorough a first set of input buffers to generate respective internal command 
signals, the input buffersfih the first set being disabled by a first refresh signal, the 
command signal generate further including a bias circuit operable to bias at least one 
internal command signalfresponsive to a second refresh signal; and 

a refresh; decoder operable to decode at least one internal command 
indicative of a refresh of the DRAM and causing the DRAM to be refreshed 
responsive thereto, the refresh decoder generating the first and second refresh signals 
during the refresh of the DRAM. 
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55. The computer system of claim 54 wherein the first and seco^a refresh 
signals comprise an auto-refresh signal. 

56. The computer system of claim 54 wherein the refresh d&oder is further 
operable to removing the bias from the command signals and enabling the jnput buffers in the 
first set at the conclusion of the auto-refresh cycle. 
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57. The computer system of claim 54, further Jpmprising a clock input 
buffer through which an external clock signal may be applied ^generate an internal clock 
signal, the clock input buffer being disabled by a third refresh signal, and wherein the refresh 
controller is operable to generate the third refresh signal durimfthe refresh of the DRAM. 
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58. The computer system of claim 54f^fiirther comprising a clock input 
buffer through which an external clock signal may bejtpplied to generate an internal clock 
signal, and wherein the refresh controller is operable p terminate the first and second refresh 
signals responsive to a predetermined transition of tne internal clock signal. 

59. The computer system of cflaim 54 wherein the bias circuit comprises a 
transistor coupled to an output terminal of an jpput buffer in the first set through which the at 
least one internal command signal is couple 

60. The computer system of claim 54 wherein the refresh decoder is further 
operable to detect the state of a predetermined command signal, and, in response to detecting 

BP' 

a first state of the predetermined continand signal, to continue biasing the command signal 
and disabling the input buffers in the first set at the conclusion of the auto-refresh cycle. 



61. The computer system of claim 54 wherein the refresh decoder 

comprises: 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRAM and ^generate a predetermined refresh signal responsive thereto; 
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a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a prede^rmined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to thjftimer, the second 
decoder being operable to generate a refresh command and the first andjecond refresh signals 
responsive to the predetermined refresh signal, the second decoder farther being operable to 
terminate the refresh command and the first and second refreshjjsignals responsive to the 
refresh terminate signal. 

62. The computer system of claim 61 wh&ein the predetermined refresh 
signal comprises an auto-refresh signal and the refresh CQmmand comprises an auto-refresh 
command. 



63. A computer system, comprising 

a processor having a processor bus; 

an input device coupled to the processor through the processor bus adapted to 
allow data to be entered into the computer system; 

an output device coupled to therorocessor through the processor bus adapted to 
allow data to be output from the computer system; 

a memory controller generating a row address having a plurality of row 
address bits followed by a column address having a plurality of column address bits, the 
memory controller generating an array sJLct signal prior to generating the plurality of column 
address bits, the array select signal corresponding to a column address bit and having either a 
first state or a second state; and if 

a memory device coupled to the memory controller, the memory device 

comprising: 

a row add^ss circuit operable to receive and decoder row address 
signals applied to an external terminal; 

a columrf address circuit operable to receive and decoder column 
address signals applied to an external terminal; 
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an array of dynamic random access memory cells operable to store data 

written to or read from the array at a location determined by the decked row address 

signals and the decoded column address signals; 

a data path circuit operable to couple data signals^brresponding to the 

data between the array and an external data terminal; 

a clock input buffer through which an extern^clock signal is coupled 

to generate an internal clock signal; 

a command signal generator operable to generate a sequence of control 

signals corresponding to command signals applied to respective external terminals and 

coupled thorough a first set of input buffers to generate respective internal command 

signals, the input buffers in the first set being disabled by a first refresh signal, the 

command signal generator further including a bias xircuit operable to bias at least one 

internal command signal responsive to a second refresh signal; and 

a refresh decoder operable to dedode at least an auto-refresh command 

and to initiate an auto-refresh cycle responsve thereto, the refresh decoder being 

further operable to detect the respective gates of first and second predetermined 

command signals, the refresh decoder bein#operable to: 

perform a self-refresh of the DRAM in response to decoding an 

auto-refresh command and detecting a first state of the first predetermined 

command signal and a first state of the second predetermined command signal; 

perform an airo-refresh of the DRAM in response to decoding 

an auto-refresh commands and a detecting second state of the first 

predetermined command ggnal and a first state of the second predetermined 

command signal; 

perform jffi auto-refresh of the DRAM and generate the first and 

second refresh signals on response to decoding an auto-refresh command and 

detecting a first state of the first predetermined command signal and a second 

state of the second pcecietermined command signal; and 

m 

perform an auto-refresh of the DRAM, generate the first and 
second refresh signals, and disable components of the DRAM other than the 
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first set of input buffers at the conclusion of an auto-refresh cydp in response 
to decoding an auto-refresh command and detecting a second ifate of the first 
predetermined command signal and a second state/of the second 
predetermined command signal. 

64. The computer system of claim 63 wherein Wi clock input buffer is 
disabled by a third refresh signal, and wherein the refresh decoder is further operable to 
generate the third refresh signal along with the first and second refresh signals. 

65. The computer system of claim 63 v^perein the first predetermined 
signal comprises a clock enable signal. 

66. The computer system of claim ^wherein the second predetermined 
signal comprises a data mask signal. 

67. The computer system of Sim 63 wherein the refresh decoder is 
operable to terminate the first and second refresMsignals at the conclusion of the auto-refresh 
if the first state of the first predetermined command signal and the second state of the second 
predetermined command signal were detectefl; the refresh decoder being further operable to 
continue generating the first and second refresh signals at the conclusion of the auto-refresh if 
the second state of the first predetermine(j|Command signal and the second state of the second 
predetermined command signal were de 



68. The computeripystem of claim 63 wherein the refresh decoder is 
operable to continue generating theffirst and second refresh signals at the conclusion of the 
auto-refresh as long as the secondjpredetermined command signal is maintained in the second 
state. 



69. The computer system of claim 67 wherein the refresh decoder is 
operable to terminate the firsfland second refresh signals at the conclusion of the auto-refresh 



by detecting a predetermined transition of the internal clock signal, and to terminate the first 
and second refresh signals responsive to detecting the predetermined transitionfof the clock 
signal. m 



70. The computer system of claim 63 wherein the bias ©fcuit is operable to 
bias a plurality of internal command signals to generate a no operation npnory command. 

71. The computer system of claim 63 wh^jpn the refresh decoder 

comprises: 

a first decoder operable to decode the at least oo^internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, w5 timer being triggered by the 
predetermined refresh signal and generating a refresh tei^mate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the fir#decoder and to the timer, the second 
decoder being operable to generate a refresh commffid and the first and second refresh signals 
responsive to the predetermined refresh signal, tlfe second decoder further being operable to 
terminate the refresh command and the first J&d second refresh signals responsive to the 
refresh terminate signal. 

72. The computer systeiff of claim 63 wherein the bias circuit comprises a 
transistor coupled to an output terminal m an input buffer in the first set through which the at 
least one internal command signal is coupled 



73. A method of Jprforming an auto-refresh of a dynamic random access 

4r ------ 

memory having a first set of input^buffers through which command signals are coupled, the 
method comprising: 

disabling the inpu^buffers in the first set during the performance of the auto- 
refresh cycle; 
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biasing a plurality of command signals to assert a predetermineq^ftemory 
command during the auto-refresh cycle; 

at the conclusion of the auto-refresh cycle, removing the hiSS from the 
command signals and enabling the input buffers in the first set. 

74. The method of claim 73 wherein the dynamic ranJSm access memory 
comprises a synchronous dynamic random access memory that operawin synchronism with 
a clock signal applied to the dynamic random access memory througlmt clock input buffer. 

75. The method of claim 74, further rompn&ng disabling the clock input 
buffer during at least a portion of the auto-refresh cycle and rgenabling the clock input buffer 
at the conclusion of the auto-refresh cycle. 



76. The method of claim 75 wheremnthe act of removing the bias of the 
command signals and enabling the input buffers in thirst set comprises: 

examining the clock signal coupled Jirough the clock input buffer; 

detecting a predetermined transitidnof the clock signal; and 

removing the bias from the command signals and enabling the input buffers in 
the first set responsive to detecting a predetermined transition of the clock signal. 



77. The method of claim 76 wherein the act of removing the bias from the 
command signals and enabling the incut buffers in the first set responsive to detecting a 



predetermined transition of the cIock signal further comprises waiting a predetermined 

g 

duration after detecting the predetermined transition to remove the bias from the command 
signals and enable the input buffersfin the first set. 




78. The method of claim 77 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period 
of the clock signal after detectmg the predetermined transition. 



79. The method of claim 77 wherein the act of waiting a predet^mined 
duration after detecting the predetermined transition comprises waiting for a secondfiransition 
of the clock signal having a polarity that is different from the polarity of the gifaetermined 
transition. 




80. The method of claim 79 wherein the pred^ermined transition 
comprises a rising edge of the clock signal applied to the clock input^uffer, and the second 
transition comprises a falling edge of the clock signal applied to the dock input buffer. 

81. The method of claim 73 wherein the act of biasing a plurality of 
command signals to assert a predetermined memory comman^uring the auto-refresh cycle 
comprises biasing a plurality of command signals to assert afno operation memory command 
during the auto-refresh cycle. 

82. The method of claim 73, furtheijjpbmprising: 
detecting the state of a command si| 
in response to detecting a first state!5f the command signal, continuing to bias 

the command signals and disable the input buffers in the first set at the conclusion of the 
auto-refresh cycle; and 

in response to detecting a transition of the command signal from the first state 
to a second state, removing the bias from command signals and enabling the input buffers 
in the first set. 




83 . The method o^laim 82, further comprising: 

in response to detecting a first state of the command signal, disabling 
predetermined components of thejpynamic random access memory at the conclusion of the 
auto-refresh cycle; and 

in response to detecting a transition of the command signal from the first state 
to a second state, enabling the predetermined components of the dynamic random access 
memory. 
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84. The method of claim 73 wherein the dynamic random accap memory 
further includes a second set of input buffers through which address signals ai^jpoupled, and 
wherein the method further comprises; 

disabling the input buffers in the second set during the ^Irformance of the 
auto-refresh cycle; and 

at the conclusion of the auto-refresh cycle, enablin^Bie input buffers in the 

second set. 



85. A method of reducing power consumption in a dynamic random access 
memory ("DRAM") having a first set of input buffers through which command signals are 



0! coupled, the method comprising: 

^ detecting each of a plurality of memojjy commands, including an auto-refresh 

ITi , command; 

s v 

y, detecting the state of a first predetermined command signal; 

jhjj in response to detecting an autopfresh command and a first state of the first 

K predetermined command signal, performing an auto-refresh of the DRAM and, at the 
conclusion of the auto-refresh, automatically transitioning the DRAM to an active mode; and 



in response to detecting an auto-refresh command and a second state of the 
first predetermined command signal, ^forming an auto-refresh of the DRAM and, at the 



conclusion of the auto-refresh, automatically transitioning the DRAM to a low power 
precharge mode. 




86. The method of claim 85 wherein the first predetermined signal 
$ 

comprises a clock enable signal. 



87. The method of claim 85 wherein the DRAM comprises a synchronous 
dynamic random access ntemory that operates in synchronism with a clock signal applied to 
the DRAM through a clock input buffer. 
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88. The method of claim 87, further comprising disabling the/lock input 
buffer during at least a portion of the auto-refresh and re-enabling the clock inpuf buffer at the 
conclusion of the auto-refresh in the event the first state of the first predeten#ned command 
signal is detected. 

89. The method of claim 85 wherein the act of perfofming an auto-refresh 
of the DRAM comprises disabling the input buffers in the first set d]png the performance of 
the auto-refresh. 

90. The method of claim 89, wherein the aet of performing an auto-refresh 
of the DRAM further comprises biasing a plurality ^command signals to assert a 
predetermined memory command during the auto-ref 

•9 1 . The method of claim 90, wherein the act of performing an auto-refresh 
of the DRAM further comprises removing the bia/from the command signals and enabling 
the input buffers h ft. firs. M « Ore corrCusror, A. ^ 

92. The method of claim 95', wherein the DRAM further includes a clock 
input buffer that receives an external clodf signal to generate an internal clock signal, and 
wherein the act of removing the bias jfom the command signals and enabling the input 
buffers in the first set comprises: 

examining the internal $ock signal; 
detecting a predetermined transition of the internal clock signal; and 
removing the bias fipn the command signals and enabling the input buffers in 
the first set responsive to detecting/a predetermined transition of the internal clock signal. 



93. The metffod of claim 92 wherein the act of removing the bias from the 
command signals and enabliifg the input buffers in the first set responsive to detecting a 
predetermined transition of/ the internal clock signal further comprises waiting a 



predetermined duration after detecting the predetermined transition to remov| 
the command signals and enable the input buffers in the first set. 



(e bias from 



94. The method of claim 93 wherein the act of waipg a predetermined 
duration after detecting the predetermined transition comprises waitm|$Eor one-half the period 
of the clock signal after detecting the predetermined transition. 

95. The method of claim 93 wherein the acrof waiting a predetermined 
duration after detecting the predetermined transition compriseswaiting for a second transition 
of the clock signal having a polarity that is different fromjfife polarity of the predetermined 
transition. 




96. The method of claim 90 wherein the act of biasing a plurality of 



command signals to assert a predetermined memory command during the auto-refresh 



comprises biasing a plurality of command signals td 
during the auto-refresh. 




a no operation memory command 



97. The method of claim 89ygvherein the DRAM further includes a second 
set of input buffers through which addressfsignals are coupled, and wherein the method 
further comprises: 

disabling the input buffersjin the second set during the performance of the 
auto-refresh; and 

at the conclusion of the auto-refresh, enabling the input buffers in the second 

set. 



98. The method of claim 85 wherein the act of automatically transitioning 
the DRAM to a low power prechar^e mode comprises disabling predetermined components 
of the dynamic random access memory at the conclusion of the auto-refresh. 
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99. The method of claim 98, further comprising ejfebling the 
predetermined components of the dynamic random access memory in respons^C detecting a 
transition of the command signal from the second state to the first state. 



100. A method of reducing power consumption in a synchronous dynamic 
random access memory ("SDRAM") having a first set of inputfmiffers through which 
command signals are coupled and a clock input buffer throug^wljrich a clock signal is 
coupled, the method comprising: 




detecting each of a plurality of memory commandspicluding an auto-refresh 



command; 



detecting the state of a first predetermined command signal; 

detecting the state of a second predetermined^hmand signal; 

in response to detecting an auto-refresh command and a first state of the first 
predetermined .command signal and a first state of the secpnd predetermined command signal, 
performing a self-refresh of the SDRAM; 

in response to detecting an auto-refre$ command and a second state of the 

/ft 

first predetermined command signal and a first stajje' of the second predetermined command 
signal, performing an auto-refresh of the SDI 

in response to detecting an auto«?efresh command and a first state of the first 
predetermined command signal and a seconcptate of the second predetermined command 
signal, performing a low power auto-refWv of the SDRAM, the low power auto-refresh 
comprising disabling the input buffers in ifie first set and biasing a plurality of command 
signals to assert a predetermined memory command during the auto-refresh cycle; and 

in response to detecting in' auto-refresh command and a second state of the 

first predetermined command signal //and a second state of the second predetermined 

- fit 

command signal, performing a low power auto-refresh of the SDRAM and, at the conclusion 

of the auto-refresh, performing a low power precharge of the SDRAM, the low power 

// / 

precharge comprising disabling components of the SDRAM other than the first set of input 
buffers. 
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101. The method of claim 100 wherein the act of performing j^Tw power 
auto-refresh of the SDRAM further comprises disabling the clock input buffe^iuring at least 
a portion of the low power auto-refresh 

102. The method of claim 101, further comprising ^enabling the clock 
input buffer at the conclusion of the auto-refresh in the event the^irst state of the first 
predetermined command signal is detected. 

103. The method of claim 100, further comprising: 
removing the bias from the command signals am enabling the input buffers in 

the first set at the conclusion of the low power auto-refrjai if the first state of the first 
predetermined command signal and the second state of thjfsecond predetermined command 

signal were detected; and 

maintaining the bias to the command iTgnals and continuing to disable the 
input buffers in the first set at the conclusion of the Icgy power auto-refresh if the second state 
of the first predetermined command signal and theJSfecond state of the second predetermined 
command signal were detected. 

104. The method of claim lQrwherein the act of maintaining the bias of the 
command signals and continuing to disable the input buffers in the first set at the conclusion 
of the low power auto-refresh comprises maintaining the bias of the command signals and 
continuing to disable the input buffers m the first set as long as the second predetermined 
command signal is maintained in the se®nd state. 



105. The method offclaim 103 wherein the act of removing the bias from the 
command signals and enabling the^ihput buffers in the first set at the conclusion of the low 
power auto-refresh comprises: 

examining the clo|e signal coupled through the clock input buffer; 

detecting a predetermined transition of the clock signal; and 



V 
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removing the bias from the command signals and enablinjMhe input buffers in 
the first set responsive to detecting a predetermined transition of the clo©c signal. 

106. The method of claim 105 wherein the act of rpioving the bias from the 
command signals and enabling the input buffers in the first sS responsive to detecting a 
predetermined transition of the clock signal further compr^s waiting a predetermined 
duration after detecting the predetermined transition to rem^e the bias from the command 
signals and enable the input buffers in the first set. 



in 
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107. The method of claim 106 where#the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period 
of the clock signal after detecting the predetermined transition. 

>108. The method of claim 106 wherein the act of waiting a predetermined 
duration after detecting the predetermined transmdn comprises waiting for a second transition 

mi 

of the clock signal having a polarity that is ^Serent from the polarity of the predetermined 
transition. 



109. The method of claim 100 wherein the act of biasing a plurality of 
command signals to assert a predetermined memory command during the auto-refresh cycle 



comprises biasing a plurality of command signals to assert a no operation memory command 




during the auto-refresh cycle. 



110. The method? of claim 100 wherein the first predetermined signal 
comprises a clock enable signal. §! 



111. The metihod of claim 100 wherein the second predetermined signal 
comprises a data mask signal. 



